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Abstract Sleep disorders, such as insomnia and nightmares,
are commonly associated with Borderline Personality
Disorder (BPD) in adulthood. Whether nightmares and
sleep-onset and maintenance problems predate BPD symp-
toms earlier in development is unknown. We addressed this
gap in the literature using data from the Avon Longitudinal
Study of Parents and Children (ALSPAC). Participants includ-
ed 6050 adolescents (51.4 % female) who completed the UK
Childhood Interview for DSM-IV BPD at 11 to 12 years of
age. Nightmares and sleep onset and maintenance problems
were prospectively assessed via mother report when children
were 2.5, 3.5, 4.8 and 6.8 years of age. Psychopathological
(i.e., emotional temperament; psychiatric diagnoses; and emo-
tional and behavioural problems) and psychosocial (i.e.,
abuse, maladaptive parenting, and family adversity) con-
founders were assessed via mother report. In logistic regres-
sions, persistent nightmares (i.e., regular nightmares at 3 or
more time-points) were significantly associated with BPD
symptoms following adjustment for sleep onset and
maintenance problems and all confounders (Adjusted Odds
Ratio = 1.62; 95 % Confidence Interval = 1.12 to 2.32).
Persistent sleep onset and maintenance problems were not
significantly associated with BPD symptoms. In path analysis
controlling for all associations between confounders, persis-
tent nightmares independently predicted BPD symptoms
(Probit co-efficient [β] = 0.08, p = 0.013). Emotional and
behavioural problems significantly mediated the association
between nightmares and BPD (β =0.016, p < 0.001), while
nightmares significantly mediated associations between emo-
tional temperament (β = 0.001, p = 0.018), abuse (β = 0.015,
p = 0.018), maladaptive parenting (β = 0.002, p = 0.021) and
subsequent BPD. These findings tentatively support that
childhood nightmares may potentially increase the risk of
BPD symptoms in early adolescence via a number of
aetiological pathways. If replicated, the current findings could
have important implications for early intervention, and assist
clinicians in the identification of children at risk of developing
BPD.
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Borderline Personality Disorder (BPD) is a serious mental ill-
ness characterised by severe behavioural and emotional dysreg-
ulation, high rates of comorbid mental disorder and suicidality
(Crowell et al. 2009). The aetiology of BPD is only partly
known. Recently, researchers have focused on the developmen-
tal precursors of BPD in recognition of the fact that personality
disorders do not appear de novo in adulthood. Rather, they have
an identifiable phenotype emergent in childhood or early ado-
lescence (Crowell et al. 2009; Geiger and Crick 2010), which
indicates a heightened risk of personality disorder in adulthood
(Lahey et al. 2005; Winsper et al. 2016; 2015).
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A comprehensive understanding of the pathways and pre-
cursors to BPD is essential to elucidate the complex aetiology
of this disorder (Cicchetti and Crick 2009), aid the identification
of at-risk children, and inform early intervention approaches to
prevent the full development of the disorder (Chanen et al.
2007a). Such research is particularly important in view of the
reported reluctance of clinicians to diagnose BPD in adoles-
cence (Laurenssen et al. 2013), which means that young people
with the disorder risk being misdiagnosed and receiving inap-
propriate treatment, e.g., pharmacotherapy (Paris 2013).
While there is an expanding body of literature examining
developmental pathways to BPD in child and adolescent pop-
ulations (Belsky et al. 2012; Bornovalova et al. 2013;
Cicchetti et al. 2014; Winsper et al. 2014), to our knowledge
there are no existing studies examining sleep problems as a
potential precursor. This is somewhat surprising considering
the centrality of dysregulation to the development and symp-
tom profile of this complex disorder (Crowell et al. 2009;
Fleischer et al. 2012; Kaess et al. 2014). Recent reviews report
that sleep fragmentation, alterations in Slow Wave Sleep and
REM sleep, and dysphoric dreaming are prevalent in adult
BPD (Hafizi 2013; Simor and Horváth 2013). Further, adult
studies indicate that reduced sleep quality (Plante et al. 2013)
and nightmares (Semiz et al. 2008) worsen symptom course.
What cannot be ascertained from these cross-sectional studies,
however, is whether sleep problems predate the development
of BPD or are a consequence of the disorder. In order to
determine whether sleep problems may precede the develop-
ment of BPD, we need studies which prospectively assess
sleep problems (in addition to other risk factors) early in child-
hood (Winsper and Tang 2014).
There are several mechanisms via which sleep problems
could be associated with the development of BPD. First, they
could represent a mediator (i.e., link in a causal chain) of the
relationship between early risk factors and subsequent BPD.
Traumatic childhood experiences (e.g., abuse or maladaptive
parenting), for example, could increase the risk of nightmares,
subsequently increasing the risk of BPD symptoms via alter-
ations to the Hypothalamic Pituitary Axis: HPA (Hellhammer
et al. 2009; Rinne et al. 2002). In another mechanism, an
overly-emotional temperament could heighten the risk of
sleep problems (Owens-Stively et al. 1997; Simard et al.
2008), which may then exacerbate emotional dysregulation
increasing the likelihood of BPD (Selby et al. 2013).
Second, sleep problems could indirectly increase the risk of
BPD by increasing the risk of emotional and behavioural dys-
regulation (Selby et al. 2013), which if chronic could eventu-
ate in a constellation of BPD symptoms (Crowell et al. 2009).
Over the past 10 to 15 years, a number of studies have
demonstrated that sleep problems in childhood are associated
with a range of emotional (e.g., depression, anxiety) and be-
havioural (e.g., attention and conduct, substance use) disorders
(see Gregory and Sadeh 2012 for a review). Many, however,
have used multicomponent sleep scales conflating sleep prob-
lems (i.e., hard to get to sleep, frequent waking, early waking,
sleeps more than most children, sleep less than most children,
talks or walks in sleep, overtired) with nightmares, making it
difficult to ascertain the independent effects of each
(Goodnight et al. 2007; Gregory et al. 2005; 2004; Gregory
and O’Connor 2002). The few studies specifically considering
nightmares demonstrate cross-sectional or longitudinal associ-
ations with difficult temperament (Simard et al. 2008); hyper-
activity (Li et al. 2011; Schredl et al. 2009); temper outbursts
(Li et al. 2011); mood disturbance (Coulombe et al. 2010; Li
et al. 2011; Nielsen et al. 2000; Schredl et al. 2009); anxiety
(Nielsen et al. 2000); and self-harm (Singareddy et al. 2013).
Similarly, prospective associations between individual
sleep problems and psychopathological outcomes have been
reported, though assessment tools across studies have lacked
consistency (Gregory and Sadeh 2012). Shanahan et al.
(2014) found that Bdifficulty falling asleep^ significantly pre-
dicted General Anxiety Disorder (GAD)/Depression and
Oppositional Defiant Disorder (ODD), while Bwaking in the
middle of the night^ significantly predicted ODD. Touchette
et al. (2009) reported significant bi-directional associations
between short night time sleep duration and hyperactivity
trajectories across early childhood. Steinsbekk and
Wichstrøm (2015) found that insomnia (DSM-IV criteria) in-
creased risk of developing conduct disorder, major depressive
disorder and social phobia, while Attention Deficit
Hyperactivity Disorder, Major Depressive Disorder (MDD)
and ODD predicted insomnia. As emotional, behavioural
and social problems are precursors to (and core features of)
youth BPD (Chanen et al. 2007b), collectively these studies
suggest that sleep problems may be linked to the development
of BPD in young populations.
The Present Study
In the current study we aimed to examine the prospective
associations between nightmares and sleep onset and mainte-
nance problems during childhood and BPD symptoms at 11 to
12 years. Specifically, we explored the following questions: 1)
Are sleep (i.e., nightmares, sleep onset, and sleep mainte-
nance) problems independently associated with an increased
risk of BPD symptoms following adjustment for important
confounders; 2) Do sleep problems mediate the associations
between early risk factors (i.e., family adversity, emotional
temperament, abuse, and maladaptive parenting) and subse-
quent BPD; and 3) Do sleep problems indirectly increase the
risk of BPD via an increased risk of emotional and behaviour-
al dysregulation? We also examined whether each sleep prob-
lem independently predicted BPD (e.g., when testing
nightmare-BPD associations we additionally controlled for
sleep onset and maintenance problems).
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Method
Participants
The Avon Longitudinal Study of Parents and Children
(ALSPAC) is a UK birth cohort examining the determinants
of development, health and disease during childhood and be-
yond. The study has been described elsewhere (Boyd et al.
2013). ALSPAC recruited pregnant women in Avon with ex-
pected dates of delivery between the 1st April 1991 and 31st
December 1992. 14,541 pregnant women were initially en-
rolled in the study, and had returned at least one questionnaire
or attended a BChildren in Focus^ clinic by the 19th July 1999.
Of these initial pregnancies, there were 14,676 foetuses,
resulting in 14,062 live births of which 13,988 children were
alive at 1 year of age. When the oldest children were
approximately 7 years old, the sample was bolstered with
eligible cases who had failed to join the study originally.
Consequently, when considering variables collected from the
age of seven onwards there are data available on 14,701 chil-
dren (an additional 713 children). The ALSPAC study website
contains details of all of the data that are available through a
fully searchable data dictionary (ALSPAC: www.alspac.bris.
ac.uk). From the first trimester of pregnancy parents have
completed postal questionnaires about the study child’s
health and development. The child has attended annual
assessment clinics, including face-to face interviews, psycho-
logical and physical tests. Ethical approval was obtained from
the ALSPACLaw and Ethics committee and the local research
ethics committees.
This study is based on adolescents (mean age 11.8 years)
with BPD outcome data (N = 6, 050) and sleep assessments
(i.e., nightmares, and sleep onset and maintenance problems)
across at least three (out of a maximum of four) time-points
(Fisher et al. 2013). Numbers included in analyses are present-
ed in Fig. 1 and Table 3.
Measures
BPD Symptoms
Adolescents were interviewed to assess their experience of
BPD symptoms over the past 2 years. Trained psychologists
assessed BPD using a face-to-face semi-structured interview:
the UK Childhood Interview for DSM-IV Borderline
Personality Disorder [UK-CI-BPD] (Zanarini et al. 2004).
The UK-CI-BPD is based on the borderline module of the
Diagnostic Interview for DSM-IV Personality Disorders
(Zanarini et al. 1996), which is a widely used semi-
structured interview for all DSM-IV Axis II disorders. The
inter-rater and test–retest reliability of the DSM-III, DSM-
III-R and DSM-IV versions of this measure are good to excel-
lent (Zanarini and Frankenberg 2001). The UK-CI-BPD was
adapted from the CI-BPD (US version). The convergent va-
lidity of the CI-BPD has been demonstrated: CI-BPD diagno-
sis was found to be significantly associated with clinician
diagnosis, and other measures of BPD (i.e., Borderline
Personality Features Scale, Personality Assessment
Inventory - Borderline subscale) as reported by patients and
parents (Sharp et al. 2012). The inter-rater reliability (k) of the
UK-CI-BPD within the current sample was assessed with
taped interviews of a sub-group of 30 children. IRR ranged
from 0.36 to 1.0 (median value 0.88). 86 % of the k values
were within the excellent range of >0.75 (Zanarini et al. 2011).
The UK-CI-BPD comprises nine sections: intense inappro-
priate anger; affective instability; emptiness; identity distur-
bance; paranoid ideation; abandonment; suicidal or self-
mutilating behaviours; impulsivity and intense unstable rela-
tionships. Once a trained assessor had explored each section, a
judgment was made as to whether each symptom was defi-
nitely present, probably present or absent. A symptom was
classed as definitely present if it had occurred very frequently
(i.e., daily or at least 25% of the time), and probably present if
it had occurred repeatedly, but did not meet the criterion for
definitely present. The derived dichotomous outcome was
based on previous studies (Wolke et al. 2012), and represented
the very frequent or repeated occurrence of five or more BPD
symptoms. Although BPD is sometimes assessed dimension-
ally in young populations (Crick et al. 2005), we elected to use
a dichotomous outcome because we were interested in
assessing the risk of sleep problems on the development of
BPD symptoms that cross the established clinical threshold
(i.e., five or more symptoms). This approach generates results
that are easier for interpretation and more relevant to risk
screening in clinical settings.
Sleep Problems
Nightmares and sleep onset and maintenance problems were
assessed by postal questionnaire when the child was 2.5, 3.5,
4.8 and 6.8 years of age.Mothers were asked: BIn the past year
has your child regularly had nightmares?^ (i.e., nightmares);
BIn the past year, has your child regularly woken in the
night?^ (i.e., sleep maintenance problems); BIn the past
year, has your child regularly had difficulty going to
sleep?^ (i.e., sleep onset problems). We dichotomised
each sleep problem response into any sleep problem (i.e.,
Byes not worried,^ Byes bit worried,^ and Byes very
worried^ = 1) versus no sleep problem (i.e., Bno^ = 0), as
we were interested in capturing whether the child had experi-
enced a sleep problem at each time-point, rather than the
mothers’ thoughts or concerns regarding their child’s sleep
problem. As has been done in previous studies (Fisher et al.
2013) we constructed categorical (e.g., no nightmares; 1 time
period; 2 time periods; 3 or more time periods) sleep problem
variables to assess the impact of persistent sleep problems.
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Sex
Sex (male: 48.6 %; female: 51.4 %) was incorporated as a
confounder into the analysis.
Family Adversity
As family adversity has been previously associated with BPD
(Winsper et al. 2012b), it was included in the analysis as a
confounder. The Family Adversity Index (FAI) was devised to
represent multiple family risk factors, and comprises 18 (15
for the short form) interrelated items covering aspects of early
parenthood, housing, financial difficulties, education, partner
and family problems, social network, psychopathology of
mother, substance abuse and crime. Mothers reported on
family adversity via postal questionnaires during pregnancy
(18 items), 0 to 2 years (15 items), and 2 to 4 years (15 items).
Each validated adversity item was recorded as 1 point and
points were then summed to create a total FAI score for each
time-point. The total FAI scores for the three time-points were
summed and entered into the analysis as a continuous variable
in line with recommended use (Bowen et al. 2005) and previ-
ous studies (Wolke et al. 2012). The mean family adversity
score was 3.76 (SD: 3.87).
Emotional Temperament
Emotional temperament has been associated with sleep prob-
lems (Owens-Stively et al. 1997) and BPD (Stepp et al. 2014).
Mothers completed the Carey Temperament Scale: CTS (Carey
Live births (n=14, 062) 
Live children at 12 months  
(n = 13, 988) 
Eligibility for focus clinic at 
age 11 years (n = 11, 510) 
Attended focus clinic 
assessments at 11 years 
(n = 7, 159, includes 359 
children previously missed)   
Pregnant women enrolled in 
ALSPAC study (n=14, 541) 
Excluded because: 
Not eligible (n=2, 461)  
Inclusion criteria: Child alive, address 
known, consented to study 
Started BPD interview at 
focus clinic at age 11 years 
(n = 6, 423)   
Completed BPD interview 
(n=6, 050)
Unadjusted data analysed:a 
Nightmares (n = 5, 544) 
Sleep onset (n= 5, 318) 
Sleep maintenance =  
(n=5, 278) 
Excluded because: 
Less than 3 sleep assessments across time-
points (between 2.5 and 6.75 years)  
Excluded (n=4, 710) because: 
Did not respond (n=3, 151) 
Did not want to attend (n=1,140) 
Failed to attend on day (n=316) 
Clinic ended before appointment (n=103) 
Excluded (n=736) because: 
No time (n=510) 
Parent present (n=35) 
Inappropriate (n=30) 
Missing (n=68); Other (n=93) 
Fig. 1 Flow chart of participant
numbers from pregnancy to BPD
assessment at 11 to 12 years. a
Adjusted numbers reported in
Table 3
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and McDevitt 1978) when children were 2 years old. The
Mood and Intensity subscales of the CTS were chosen as
they map most closely onto emotional temperament as
described in the sleep (Simard et al. 2008) and BPD
(Crowell et al. 2009; Linehan and Koerner 1993) literature.
Mothers were presented with statements describing certain
behaviours representing mood (12 items, e.g., Bchild is fussy
on waking up^) and intensity (9 items, e.g., Bchild shows
strong reactions to failure^), and were asked to rate how often
their child behaves that way on a scale of 1 (almost never) to
5 (almost always). Total scores from the mood and intensity
scales were summed. The mean emotional temperament score
was 39.2 (SD: 8.3).
Abuse
Abuse experiences are linked with sleep problems
(Semiz et al. 2008) and BPD (Widom et al. 2009).
Physical and sexual abuse were each assessed with
one item (i.e., Bhe/she was sexually abused^ and Bhe/
she was physically abused^) included in the upsetting
events questionnaire completed by the mother when
the child was 2.5, 3.5, 4.8, and 6.8 years old.
Consistent with previous research (Winsper et al.
2012a) abuse was classified as present if sexual or
physical abuse was reported at any one of the time
points.
Maladaptive Parenting
Maladaptive parenting is implicated in the development of
BPD (Johnson et al. 2000) and childhood sleep problems
(Owens-Stively et al. 1997). The maladaptive parenting vari-
able was constructed by using mother-reported indicators of
maternal hitting (2, 3.5 and 6.4 years) and hostility (2, 4 &
7 years). Hitting was coded at 2 and 3.5 years on a scale of 0 to
4 (never, rarely, once a week, several times a week, and every
day) and at 6.4 years on a scale 0 to 2 (never, sometimes,
often) with higher scores representing greater frequency of
hitting. Consistent with previously derived scales (Wolke
et al. 2012), we created an overall hitting variable by summing
the three scales to produce a score from 0 to 10 (mean = 2.96;
SD = 1.98). Hostility was indicated by 4 interrelated items, e.g.,
BI often get very irritated with this child^ (Waylen et al. 2008) at
2 and 4 years, and 3 items at 7 years. As in previous research
(Wolke et al. 2012), these items were summed to give a total
maternal hostility score from 0 to 7 (mean = 1.83; SD = 1.82).
DSM-IV Psychiatric Diagnoses
Axis I disorders are associated with adolescent BPD
(Chanen et al. 2007b) and sleep problems (Gregory and
Sadeh 2012; Jacobs-Rebhun et al. 2000). DSM-IV
psychiatric diagnosis according to parent and teacher re-
port were recorded at 7.5 years using the Development
and Wellbeing Assessment (DAWBA) (Goodman et al.
2000). The DAWBA has been validated for clinical diag-
nosis (see http://www.dawba.com/). Any Axis I diagnosis
of ADHD, conduct disorder, oppositional defiant disorder,
depression or anxiety versus no diagnosis were computed
(Fisher et al. 2013).
Emotional and Behavioural Problems
Emotional and behavioural problems are strongly associated
with sleep disturbance (Schredl et al. 2009) and BPD (Eaton
et al. 2011). Mother-reported emotional and behavioural
problems were assessed at 9.5 and 11.7 years with the
Strengths and Difficulties Questionnaire (Goodman 2001).
Variables for each time-point were constructed by summing
scores of negative emotionality, hyperactivity, and conduct
problems (Lereya et al. 2013). At 9.5 years, Cronbach al-
phas were 0.68 for the 5 negative emotionality items (e.g.,
BChild is often unhappy, downhearted or tearful,^ BChild is
nervous or clingy in new situations^); 0.77 for the 5 hyper-
activity items (e.g., BChild is easily distracted,^ BChild is
constantly fidgeting or squirming); and 0.59 for the 5 con-
duct problems items (e.g., BChild often lies or cheats,^
BChild steals from home, school or elsewhere.^). At
11.7 years, Cronbach alphas were 0.68 for the negative emo-
tionality items, 0.77 for the hyperactivity items, and 0.57 for
the conduct problems items.
Statistical Plan
Logistic Regression Analysis
The first stage of the analysis was conducted in SPSS version
21 to ascertain the unadjusted and adjusted associations be-
tween persistent sleep problems and subsequent BPD symp-
toms. We ran logistic regression analyses (using the forced
entry method) to assess the associations between: 1) persistent
nightmares; 2) sleep onset; and 3) sleepmaintenance problems
and subsequent BPD symptoms. In Model A, we tested unad-
justed associations. In Model B, we included sex; emotional
temperament at 2 years; family adversity from pregnancy to
4 years; physical and sexual abuse and maladaptive parenting
from 2 to 7 years; DSM-IV diagnosis at 7.5 years; and emo-
tional and behavioural problems at 9.5 and 11.7 years as con-
founders. In Model C, we additionally controlled for each of
the sleep problems not being tested (e.g., when assessing
nightmare-BPD associations we additionally controlled for
sleep onset and maintenance problems). We also tested the
associations between all psychosocial and psychopathological
confounders and persistent nightmares in supplementary anal-
ysis (we did not conduct supplementary analysis for sleep
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onset and maintenance problems as they were not significant-
ly associated with BPD symptoms). Results are reported in
Odds Ratios (OR) with 95 % Confidence Intervals (CIs).
Path Analysis
We conducted path analysis using Mplus version 6 to explic-
itly examine the complex associations (i.e., direct and indirect)
between early risk factors (emotional temperament, sex, fam-
ily adversity, maladaptive parenting and abuse), persistent
nightmares, emotional and behavioural problems at 9.5 years,
and subsequent BPD symptoms and emotional and behaviour-
al problems at 11–12 years. As sleep maintenance and onset
problems were not significantly associated with BPD and did
not attenuate the associations between persistent nightmares
and BPD, they were not included in the path analysis.
We used probit estimation as recommended for path anal-
ysis with both categorical (e.g., BPD symptoms) and contin-
uous (e.g., emotional and behavioural problems) endogenous
variables (Winship andMare 1983). Probit regression is a log-
linear approach analogous to logistic regression producing
similar chi-square statistics, p values and conclusions to logit
models (Allison 1999). Probit regression coefficients indicate
the strength of the relationship between the predictor variable
and the probability of group membership. They represent the
change in the probability of Bcaseness^ associated with a unit
change in the independent variable, thus it is important to keep
the scale of the predictor in mind when interpreting probit
coefficients, i.e., one would expect probit values to be larger
for dichotomous predictors, which represent the change from
Bno caseness^ (i.e., no abuse) to Bcaseness^ (i.e., abuse) rather
than a single value on a continuous scale (i.e., emotional and
behavioural problems scale). TheWLSMVestimator (weight-
ed least squares with robust standard errors, mean and vari-
ance adjusted) was used yielding probit co-efficients for cate-
gorical outcomes and normal linear regression coefficients for
continuous outcomes.
Missing Data
As a substantial proportion of the original sample was lost to
follow-up, we conducted a series of logistic regressions to
identify significant predictors of attrition. Adolescents lost to
attrition were more often boys, of ethnic minority and low
birth weight. They more often lived in rented properties, were
born to single mothers of lower educational level and had
parents with manual jobs (See Table 1). Using the variables
associated with selective drop-out as the predictors we fitted a
logistic regression model (non-response vs. response as out-
come) to determine weights for each individual using the
inverse-probability of response (Kinner et al. 2007). We then
compared the results from the weighted and unweighted
analysis.
Results
Sample Characteristics
At age 11 to 12 years, 444 adolescents (7.3 %) had 5 or more
BPD symptoms (occurring very frequently or repeatedly).
This prevalence is largely comparable to figures report-
ed in a large national representative study of adults, i.e.,
5.9 % (Grant et al. 2008) and in a community popula-
tion of 11 to 14-year-olds: moderate BPD, male: 8.3 %;
female: 11.5 %; severe BPD, male: 2.8 %; female:
3.8 % (Bernstein et al. 1993). Frequencies of sleep
problems are reported in Table 2. The prevalence of
nightmares and sleep-onset problems was high, likely
reflecting the age of assessment and sub-clinical thresh-
old for endorsement of sleep problems (Schredl et al. 2009).
In contrast the prevalence of sleep maintenance problems was
low.
Prospective associations between sleep problems and BPD
symptoms are presented in Table 3. The pattern of results from
the weighted (using the inverse-probability of response) and
unweighted analyses was very similar; therefore, we report the
unweighted analysis here.
Logistic Regression Results
Having persistent nightmares (i.e., regular nightmares
during 3 or more time-points) between 2.5 and 6.8 years
was significantly associated with BPD symptoms at 11
to 12 years, even after controlling for psychopathologi-
cal and psychosocial confounders. Persistent sleep onset
problems were significantly associated with BPD symptoms,
though this association become non-significant following
control for confounders. Sleep maintenance problems were
not significantly associated with BPD symptoms in unadjust-
ed or adjusted analysis.
Associations for individual time periods (e.g., 2.5 years)
are reported in Supplementary Table 1. Associations be-
tween persistent nightmares and psychopathological and
psychosocial confounders are reported in Supplementary
Table 2. Persistent nightmares were significantly associ-
ated with emotional temperament in infancy; family ad-
versity from pregnancy to 4 years; DSM-IV axis I psy-
chiatric diagnosis at 7.5 years; emotional and behavioural
problems at 9.5 and 11.7 years; and abuse, maladaptive par-
enting, and sleep-onset and maintenance problems across early
childhood.
Path Analysis
We conducted a path model with BPD symptoms and emo-
tional and behavioural problems at 11 to 12 years as the two
main endogenous (i.e., outcome) variables. Based on the
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extant literature, we incorporated direct associations between
all early risk factors (i.e., sex, family adversity, emotional
temperament, maladaptive parenting, and abuse), persistent
nightmares, emotional and behavioural problems at 9.5 years,
and the two outcome variables (BPD symptoms and emotion-
al and behavioural problems at 11 to 12 years). Nightmares
were incorporated as an ordinal variable consistent with the
observed dose response relationship in the unadjusted analy-
sis. In Mplus, an ordinal variable is treated as a continuous
latent variable that exceeds thresholds to give the various out-
come categories. One coefficient per ordinal variable is pro-
duced. This can be interpreted in the sameway as a continuous
variable. We modelled direct associations between early risk
factors and persistent nightmares and emotional and
behavioural problems at 9.5 years. We also modelled
indirect (i.e., mediational) associations between early
risk factors and the two main outcome variables via
persistent nightmares and emotional and behavioural
problems at 9.5 years. Indirect associations are automat-
ically computed in Mplus through the multiplication of
the two direct- effect coefficients comprising the indirect
pathway. For example, abuse significantly predicted
nightmares (coefficient = 0.19) and nightmares signifi-
cantly predicted BPD (co-efficient =0.08); therefore, the
indirect association from abuse to BPD via nightmares
was 0.19 × 0.08 = 0.015. The standard error of the indirect
effect is automatically computed using the Delta method
(Bollen and Stine 1990).
Table 1 Drop-out analysis
comparing those not available for
the BPD interview to those who
completed the BPD interview
Characteristic BPD interview
not available
BPD interview
available
BPD interview not
available versus available
N (%) N (%) OR (95 % CI)
Gender
Male 4282 (54) 2938 (48.6) [reference]
Female 3644 (46) 3112 (51.4) 1.25 (1.16, 1.33)
Ethnicity
White 5933 (93.8) 5541 (96.2) [reference]
Black and minority ethnic 393 (6.2) 216 (3.8) 0.59 (0.50, 0.70)
Birth weight
> 2499 g 7344 (93.9) 5707 (95.4) [reference]
< 2500 g 474 (6.1) 273 (4.6) 0.74 (0.64, 0.86)
Marital status
Single 2186 (30.5) 1095 (18.5) [reference]
Married 4985 (69.5) 4821 (81.5) 1.93 (1.78, 2.10)
Home ownership
Mortgage 4658 (65) 4901 (83.6) [reference]
Rent 2510 (35) 958 (16.4) 0.36 (0.33, 0.40)
Education of mother
Below O level 2466 (37.5) 1262 (21.6) [reference]
O level or above 4113 (62.5) 4577 (78.4) 2.17 (2.01, 2.36)
Social class
Non-manual 2714 (46) 3152 (56.5) [reference]
Manual 3189 (54) 2430 (43.5) 0.66 (0.61, 0.71)
Family adversity (M, SD) 4.35 (4.28) 3.76 (3.87) 0.96 (0.95, 0.96)
Boldface indicates significant association at p < 0.05
OR Odds Ratio, CI Confidence Intervals, M mean, SD standard deviation
Table 2 Frequency of
nightmares, and sleep-onset and
maintenance problems across
time-points
Sleep problem No time-points 1 time-point 2 time-points 3+ time-points
Nightmaresa 1403 (25.3 %) 1169 (21.1 %) 943 (17 %) 2029 (36.6 %)
Sleep onseta 1159 (21.8 %) 1413 (26.6 %) 1221 (23 %) 1525 (28.7 %)
Sleep maintenancea 4135 (78.3 %) 737 (14 %) 297 (5.6 %) 109 (2.1 %)
aDefined by mother as Bregular^ problem
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The indirect association between persistent night-
mares and BPD via emotional and behavioural problems
at 9.5 years was also modelled. Thus, sex, family ad-
versity and emotional temperament were incorporated as
exogenous (independent) variables, persistent nightmares
and emotional and behavioural problems at 9.5 years
were included as independent, mediating and endoge-
nous variables, and BPD and emotional and behavioural
problems at 11 to 12 years as endogenous variables.
DSM-IV axis I psychiatric diagnosis at 7.5 years was
excluded from the final path model, as the high degree
of overlap between this variable and the emotional and
behavioural problems variables appeared to cause
multicollinearity issues (i.e., the positive association be-
tween DSM-IV diagnosis and BPD outcome reversed
becoming negative in the multiple logistic regression).
Exclusion of this variable from the path model led to an
improved (and acceptable) model fit: χ2 = 17.47;
p < 0.001; RMSEA = 0.038; CFI = 0.99). Figure 2
shows the main significant direct associations in the
final model. The main indirect associations are reported
in Table 4. Other direct and indirect associations within
the model (i.e., to emotional and behavioural problems
at 11 to 12 years) are reported in Supplementary
Table 3.
When controlling for all other pathways in the mod-
el, persistent nightmares remained a significant predictor
of BPD, but not of emotional and behavioural problems
at 11 to 12 years. BPD and emotional and behavioural
problems at 11 to 12 years were significantly correlated.
The association between persistent nightmares and BPD
was significantly mediated by emotional and behaviour-
al problems at 9. 5 years. Abuse, maladaptive parenting,
emotional temperament and family adversity all
remained significant predictors of persistent nightmares.
Further, the associations between abuse, maladaptive
parenting, emotional temperament and subsequent BPD
were all significantly mediated by increased risk of per-
sistent nightmares. In contrast, nightmares did not me-
diate any of the associations between early risk factors
and emotional and behavioural problems at 11 to
12 years.
The indirect associations ranged in magnitude and nature.
For example, the indirect effect of persistent nightmares on
BPD symptoms via emotional and behavioural symptomswas
0.016, while the direct association was 0.076, thus the indirect
effect was approximately a fifth of the direct effect. The indi-
rect effect between maladaptive parenting and BPD via night-
mares was weaker representing approximately an eighth of the
direct effect. The significant indirect associations between
Table 3 Associations between
childhood sleep problems and
BPD symptoms at 11 to 12 years
(unadjusted and adjusted)
Model A Model B Model C
OR (95 % CI) OR (95 % CI) OR (95 % CI)
Nightmares (n = 5544) (n = 4625) (n = 4485)
None [Reference] [Reference] [Reference]
1 time point 1.23 (0.89–1.70) 1.28 (0.86–1.91) 1.27 (0.84–1.93)
2 time points 1.28 (0.91–1.79) 1.21 (0.79–1.84) 1.22 (0.79–1.89)
3 + time points 1.67 (1.26–2.20) 1.56 (1.11–2.20) 1.62 (1.12–2.32)
Sleep maintenance (n = 5278) (n = 4492) (n = 4485)
None [Reference] [Reference] [Reference]
1 time point 1.20 (0.90–1.61) 1.15 (0.82–1.61) 1.09 (0.77–1.54)
2 time points 1.39 (0.92–2.10) 1.25 (0.77–2.03) 1.15 (0.70–1.87)
3 + time points 1.27 (0.63–2.53) 1.19 (0.53–2.66) 1.09 (0.49–2.46)
Sleep onset problems (n = 5318) (n = 4516) (n = 4485)
None [Reference] [Reference] [Reference]
1 time point 1.05 (0.77–1.44) 1.05 (0.72–1.52) 1.01 (0.69–1.48)
2 time points 0.95 (0.68–1.32) 0.79 (0.53–1.19) 0.73 (0.48–1.15)
3 + time points 1.37 (1.02–1.84) 1.18 (0.82–1.70) 1.06 (0.72–1.54)
Boldface type indicates significant associations at p < 0.05. Model A = Crude Analysis; Model B = Analysis
controlling for sex, emotional temperament at 2 years, Family Adversity Index (FAI; pregnancy, 0–2& 2–4 years),
physical or sexual abuse at 2.5, 3.5, 4.8, or 6.8 years, preschool maladaptive parenting, Development and Well-
BeingAssessment (DAWBA) at 7 years, and emotional and behavioural problems assessedwith the Strengths and
Difficulties Questionnaire (SDQ) at 9.5 and 11.7 years; Model C = For nightmares: additionally controlling for
preschool and school sleep onset problems (assessed at 2.5, 3.5, 4.8, or 6.8 years) and persistent sleepmaintenance
problems; for sleep onset problems: additionally controlling for nightmares and sleep maintenance problems; for
sleep maintenance problems additionally controlling for nightmares and sleep onset problems
BPD Borderline personality disorder, OR odds ratio, CI confidence interval
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abuse and BPD via nightmares and emotional and behavioural
problems at 9.5 years indicated a suppression (i.e., inconsis-
tent mediation) effect (MacKinnon et al. 2000), i.e.,
nightmares and emotional and behavioural problems at
9.5 years largely explained the association between abuse
and BPD.
Family adversity 
(pregnancy to 4 
yrs) 
Sex 
Emotional 
temperament 
(0 to 2 yrs) 
Maladaptive 
parenting (2.5 to 
6.8 yrs) 
Abuse  
(2.5 to 6.8 yrs) 
Nightmares   
(2.5 to 6.8 yrs) 
Emotional/ 
behavioural 
problems (9.5 
yrs) 
BPD symptoms 
(11 to 12 yrs) 
Emotional/ 
behavioural 
problems (11 to 
12 yrs) 
0.04 (0.01)-0.32 (0.10) 
0.
30
 (0
.0
8)
Fig. 2 Path diagram showing the main significant direct associations in
the final model. Pathways to emotional/behavioural problems at 11 to 12
not shown for clarity; * = significant at p < 0.05; ** = significant at
p < 0.001; Results presented in probit co-efficients; Probit co-efficients
represent the change in the probability of Bcaseness^ associated with a
unit change in the independent variable, thus it is important to keep the
scale of the predictor in mind when interpreting probit coefficients i.e.,
one would expect probit values to be larger for dichotomous predictors,
which represent the change from ‘no caseness’ (i.e., no abuse) to
‘caseness’ (i.e., abuse) rather than a single value on a continuous scale
(i.e., emotional/behavioural problems)
Table 4 Unstandardised probit
coefficients (β) for the indirect
pathways between early risk
factors, persistent nightmares, and
BPD symptoms outcome
Risk factors To BPD symptoms outcome at 11 to 12 years
Associations via Persistent Nightmares
at 2.5 to 6.8 yrs
Associations via emotional/behavioural
problems at 9.5 years
β SE P Β SE P
Sex 0.004 0.003 0.197 −0.012 a 0.005 0.010
Emotional temperament 0.001 0.000 0.018 0.002 0.000 0.000
Family adversity 0.001 0.000 0.062 0.006 0.001 <0.001
Abuse 0.015 0.006 0.018 0.015 0.004 0.001
Maladaptive parenting 0.002 0.001 0.021 0.016 0.003 <0.001
Persistent nightmares N/A N/A N/A 0.016 0.004 <0.001
B probit coefficient, SE standard error, P probability
a Negative figure indicates male sex as variable coded as 1 = male, 2 = female; Boldface indicates significant
associations; Probit co-efficients represent the change in the probability of Bcaseness^ associated with a unit
change in the independent variable, thus it is important to keep the scale of the predictor in mind when interpreting
probit coefficients i.e., one would expect probit values to be larger for dichotomous predictors, which represent the
change from ‘no caseness’ (i.e., no abuse) to ‘caseness’ (i.e., abuse) rather than a single value on a continuous
scale (i.e., emotional temperament)
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Discussion
Using a large birth cohort study, we considered the direct and
indirect associations between persistent sleep problems (i.e.,
nightmares and sleep onset and maintenance problems) in
childhood and BPD symptoms at 11 to 12 years. We have
three main findings. First, persistent nightmares were indepen-
dently associated with BPD symptoms at 11 to 12 years.
Second, the associations between early risk factors (i.e., emo-
tional temperament, abuse and maladaptive parenting) and
BPD were significantly mediated by persistent nightmares.
Third, the association between persistent nightmares and
BPD was significantly mediated by emotional and behaviour-
al problems at 9.5 years. We will discuss each of these find-
ings in turn.
Persistent nightmares remained a significant predictor of
BPD symptoms in multiple logistic regressions controlling
for early risk factors (i.e., family adversity, emotional temper-
ament, abuse and maladaptive parenting), DSM-IV psychiat-
ric diagnosis at 7.5 years, preceding (i.e., at 9.5 years) and
concurrent (i.e., at 11.7 years) emotional and behavioural
problems. In contrast, persistent sleep-onset and maintenance
problems were not significantly associated with BPD symp-
toms. Further, path analysis demonstrated that persistent
nightmares significantly predicted BPD but not emotional
and behavioural symptoms at 11 to 12 years after controlling
for all other associations in the model. Collectively, these
findings support that nightmares are associated with an in-
creased risk of BPD symptoms specifically, rather than psy-
chopathology generally. While studies (Coulombe et al. 2010;
Schredl et al. 2009; Simard et al. 2008) demonstrate that fre-
quent, chronic nightmares are associated with a range of core
BPD features or precursors in youth, to our knowledge this is
the first study to demonstrate a prospective link between child-
hood nightmares and BPD specifically.
In one set of indirect pathways, the associations between
early risk factors (i.e., emotional temperament, abuse and mal-
adaptive parenting) and subsequent BPD were significantly
mediated by persistent nightmares. While, it should be noted
that some of these indirect effects (i.e., involving temperament
and maladaptive parenting) were of relatively small magni-
tude, they are consistent with extant theory, and highlight
two potential (and in some cases possibly co-existing) path-
ways via which nightmares could contribute to the develop-
ment of BPD. In the first, traumatic events in childhood (i.e.,
abuse and harsh parenting) could alter Hypothalamic Pituitary
Axis (HPA) functioning (Hellhammer et al. 2009) heightening
the likelihood of nightmares (van Liempt et al. 2013) and
subsequent BPD (Rinne et al. 2002). In the second, an emo-
tional temperament could increase the risk of nightmares,
which if persistent, could potentiate dysregulation across time
(Selby et al. 2013) until it becomes a trait-like constellation of
BPD symptoms (Crowell et al. 2009). Indeed, the final
indirect pathway, in which persistent nightmares indirectly
increased the risk of BPD via an increased risk of emotional
and behavioural dysregulation, may represent a continuation
of this process.
Recently, Selby et al. (2013) applied their Emotional
CascadesModel (ECM) of BPD to nightmares by demonstrat-
ing micro-longitudinal associations between nightmares and
subsequent daytime dysregulation in adults with BPD.
Viewing this theory through a developmental psychopatholo-
gy lens (e.g., the bisocial theory, Crowell et al. 2009) may help
explain the longitudinal indirect associations observed in the
current study. Young individuals with a predisposition to-
wards emotionality (i.e., an emotional temperament) may be
more likely to ruminate about upsetting events. In a self-
amplifying positive feedback loop, rumination may cause an
escalation of negative emotions, leading to further rumination
and subsequently, Bemotional cascades.^ These emotional
cascades may spill over into night-time (due to elevated cog-
nitive arousal) increasing risk of nightmares and further dys-
regulation. Indeed, negatively toned dreams may enhance re-
activity to negative emotional stimuli the following day (Lara-
Carrasco et al. 2009). Physiologically, nightmares may in-
crease amygdala responsiveness (Nielsen and Stenstrom
2005) and reduce prefrontal cortex activity (Simor et al.
2013) impacting on self-regulatory processes (Dolcos et al.
2006). Cognitively, they may increase the tendency to rumi-
nate (Willner 2004) giving rise to further aversive states dur-
ing the day (Selby et al. 2013). If this pattern becomes chronic,
nightmares could contribute to the exacerbation and mainte-
nance of dysregulation over time, eventually leading to a con-
stellation of precursor BPD traits (Crowell et al. 2009).
It is somewhat surprising that the hypothesised associations
between sleep onset and maintenance problems and BPD
were not observed. Previous studies suggest associations be-
tween sleep disturbances (other than nightmares) and indepen-
dent BPD features; however, none have assessed associations
between BPD psychopathology and sleep onset and mainte-
nance problems specifically. It may be that these problems are
not associated with a full constellation of BPD symptoms (i.e.,
5 or more) but rather one or two features (Hafizi 2013). The
prevalence of sleep maintenance problems was low in the
current sample indicating that parents may not have been
aware of their child’s frequent night awakenings (Goodnight
et al. 2007) unless in the context of nightmares. Due to the
novelty of this research area, further prospective studies are
required to explicate early aetiological pathways involving
well-defined sleep disturbances on the pathway to burgeoning
BPD.
Our study has strengths. First, we utilised data from a large
prospective cohort with information on a large range of risk
factors for both sleep problems and BPD, enabling us to con-
trol for a number of relevant confounders and test the potential
mechanisms via which nightmares could increase the risk of
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BPD. Controlling for emotional and behavioural symptoms
and co-existing sleep problems enabled us to demonstrate
the specificity of the prospective nightmares-BPD association.
Second, BPD was assessed using a validated interview. The
UK-CI-BPD was adapted from a well validated instrument,
was piloted and administered by trained psychologists, and
demonstrated high inter-rater reliability (Sharp et al. 2012).
Our study also had limitations. First, there was selective
attrition in the cohort, reducing statistical power and poten-
tially biasing results. However, previous simulations indicate
that selective drop out may lead to an underestimation of
psychiatric disorders but only have a small impact on predic-
tor and outcome relationships (Wolke et al. 2009). Indeed,
weighted analysis taking into account factors associated with
selective attrition did not substantially alter the results.
Nevertheless, drop-out may still limit the generalisability of
the results. Second, we could not control for concurrent Post-
Traumatic Stress Disorder (PTSD) as this disorder was not
assessed at 11 to 12 years. Only one child in the cohort was
diagnosed with PTSD at age 7.5 years which may indicate
that the nightmare-BPD links observed in this study were not
attributable to PTSD. Indeed, Selby et al. (2013) recently
reported a significant association between nightmares and
BPD independent of PTSD, indicating that nightmares asso-
ciated with BPD may be qualitatively different to those asso-
ciated with PTSD (e.g., more related to future concerns such
as abandonment issues). Future studies are needed to clarify
the independence of the nightmares-BPD link, and may in-
corporate qualitative assessments to identify themes pertinent
to BPD symptoms specifically. Third, as with other epidemi-
ological studies conducted over long time-spans (Gregory
et al. 2005), we had to rely on fairly crude caregiver-
reported measures of sleep problems and other risk factors,
some of which were assessed with just one item. For exam-
ple, mothers were asked whether their child had Bregular^
sleep problems, precluding ascertainment of the precise fre-
quency of sleep problems at each time-point. Nevertheless,
definitions of persistent sleep problems were based on reports
across different time-points, supporting that we were
assessing chronic sleep problems. Similarly early childhood
risk factors and emotional and behavioural problems were
reported by caregivers. This could have led to issues such
as an under-reporting of certain behaviours (e.g., maladaptive
parenting), though we did find the expected associations be-
tween these variables and subsequent nightmares and psycho-
pathology. Future studies may seek to corroborate our find-
ings with other sources of assessment, e.g., multiple-respon-
dents, medical and school records, or direct observation.
Fourth, we could not control for the potential bi-directionality
of nightmare-BPD associations. Recent studies have indicat-
ed that sleep-psychopathology associations may be reciprocal
in childhood, though there is more evidence to support that
sleep problems precede psychopathology (Shanahan et al.
2014). As we assessed sleep problems from 2.5 years on-
wards it was not possible to assess pre-existing BPD symp-
toms. We did, however, control for pre-existing emotional
temperament which has been implicated in the development
of subsequent nightmares (Simard et al. 2008) and BPD
(Stepp et al. 2014).
In summary, we found a robust prospective association
between persistent nightmares across early childhood and
BPD symptoms at 11 to 12 years. Though we remain tentative
in our conclusions, findings suggest that persistent childhood
nightmares may be an early indicator and could possibly con-
tribute to the development of BPD via various aetiological
pathways. If the current findings are replicated, they could
have important implications for clinicians by assisting in the
identification of children at risk of developing BPD. More
research is now required to clarify the potential mechanisms
of intervention for nightmares and BPD during childhood and
adolescence, and the extent to which nightmares can be suc-
cessfully prevented and treated (Fisher et al. 2013).
Theoretically, an understanding of how early sleep problems
contribute to the aetiology of BPDmay be especially salient in
view of the centrality of dysregulation to the development of
this complex disorder (Crowell et al. 2009).
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